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Abstract Periprosthetic fracture following total knee
arthroplasty is a potentially serious complication. This
injury can involve the distal femur, proximal tibia or the
patella. This review article analyzes the prevalence, risk
factors, classiﬁcation and treatment options for peripros-
thetic fractures of the femur.
Keywords Periprosthetic fracture  Femur  Knee
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Introduction
Incidence of periprosthetic fracture following total knee
arthroplasty is gradually increasing, and management of
these fracture can be challenging for orthopaedic surgeons.
In a systematic review of 415 cases, Herrera et al. reported
a nonunion rate of 9%, ﬁxation failure in 4%, an infection
rate of 3% and revision surgery rate of 13% [1]. This
review article analyzes the various risk factors, proposed
classiﬁcation systems and treatment options for peripros-
thetic fractures of the femur after total knee arthroplasty.
Epidemiology and pathogenesis
Incidence of distal femoral metaphyseal periprosthetic
fractures associated with total knee replacement has been
reported to range between 0.3% and 2.5% [2–5]. Majority
of these fractures occur following minor trauma after a
simple fall. Other causes include road-trafﬁc accidents,
seizures and forced manipulation of a stiff knee. There are
many risk factors which can predispose to these fractures.
These include osteoporosis [6–8], anterior femoral notch-
ing [6–9], rheumatoid arthritis [6, 10–12], steroid therapy
[1, 10–12], neurological diseases [3], previous revision
arthroplasty [6, 7] and local osteolysis and infection [5, 13].
A biomechanical study has shown that notching of the
anterior cortex signiﬁcantly lessens the load to failure by
decreasing the bending strength by 18% and torsional
strengthbyabout40%[9].Ritteret al.,however,inaclinical
study, did not ﬁnd any relation between anterior notching of
the distal femur and occurrence of periprosthetic fractures.
Theyreviewed1,089casesatanaveragefollow-upof5years
and noted anterior notching in 29.8% of cases. During this
period there were only two cases of periprosthetic fractures
in this group, and both were in femora treated without
notching [14]. Unlike periprosthetic fractures of the tibia,
malalignmenthasnotbeenshowntobeacausativefactorfor
periprosthetic fracture of the femur [6].
Classiﬁcation
Numerous classiﬁcations of supracondylar femoral frac-
tures after total knee arthroplasty have been described
[15–17]. The most commonly used classiﬁcation was
developed by Rorabeck and Taylor [16]. This classiﬁcation
takes into account fracture displacement and prosthesis
condition (well ﬁxed or loose).
Type I: undisplaced fracture and prosthesis is well ﬁxed
Type II: displaced fracture and prosthesis is well ﬁxed
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Management
The aim of treatment in fractures of the distal femur
proximal to total knee arthroplasty is to achieve a painless
and stable knee without signiﬁcant residual malalignment.
Choice of treatment depends on condition of the knee
prosthesis (loose or well ﬁxed), the fracture pattern, quality
of bone stock, presence of any other implant in the prox-
imal femur and general physical condition of the patient.
Nonoperative treatment
Nonoperative treatment involves application of a cast brace
with or without a period in skeletal traction. Some studies
have reported good results after nonoperative treatment
[2, 7, 10, 18]. Sisto et al. recommended closed reduction
and skeletal traction as primary treatment of these fracture
and to consider surgical option only if satisfactory align-
ment could not be maintained. However, this may be
associated with difﬁculty in maintaining reduction, pro-
longed period of immobilisation, reduced knee functions,
malunion and nonunion. Culp et al. discouraged use of
closed methods, as conservative treatment was followed by
nonunion in 20% and malunion in 23% patients in their
study [3]. Merkell and Johnson recommended conservative
treatment in their study, although 9 out of 26 patients
(35%) required revision arthroplasty because of nonunion,
malunion, loosening of components and extensor lag [6].
Moran et al. reported satisfactory results in ﬁve undis-
placed fractures managed with closed treatment, but none
of the nine patients with displaced fracture achieved sat-
isfactory results after nonoperative treatment [19].
In summary, conservative management using a hinged
cast brace and restricted weightbearing may be advocated
if the fracture is found to be undisplaced and the compo-
nent is thought to be stable based on radiographic evidence
(type I fractures). Patients should be closely followed with
routine radiograph to ensure that satisfactory alignment is
maintained throughout the treatment period. In an event of
loss of alignment and reduction, surgical intervention is
required. Displaced fractures should be treated by surgery
to avoid complications of nonoperative treatment.
Operative treatment
There are several surgical options to treat periprosthetic
fractures of the distal femur. If the implant is stable, then
osteosynthesis by any appropriate means with or without
bone graft would be recommended. However, if the pros-
thesis is loose, then a major reconstruction with revision to
a stemmed component is required.
Open reduction and internal ﬁxation
using conventional plates
Open reduction and internal ﬁxation allows anatomical
reconstruction and early rehabilitation of the patient. Sev-
eral authors have reported good results after open reduction
and internal ﬁxation of these fractures [20–22]. Healy et al.
treated 20 fractures with open reduction and internal ﬁxa-
tion using a variety of different implants including blade
plate, condylar screw and condylar buttress plates. They
performed bone grafting in 15 patients and achieved union
in 18 patients. Two patients, who did not have bone graft at
the time of index surgery, needed reoperation with bone
grafting to achieve union. Authors recommended primary
bone grafting with internal ﬁxation to increase the chances
for union of these difﬁcult fractures, to which blood supply
has been compromised by previous total knee arthroplasty,
the fracture itself and the operative ﬁxation of the fracture
[21]. However, achieving rigid internal ﬁxation could be
technically demanding in osteopenic and comminuted
bones. Figgie et al. reported union in only ﬁve out of ten
cases after open reduction and internal ﬁxation. The
remaining ﬁve patients needed further surgical procedures.
They also noted that eight out of ten cases developed varus
alignment despite satisfactory intraoperative alignment due
to metaphyseal comminution, and this was associated with
development of progressive radiolucent lines around the
prostheses [4]. Moran et al. treated 15 patients with con-
dylar screw and plates, blade plates and buttress plates. Of
these 15 patients, 2 developed malunion and 3 nonunion at
the fracture site requiring further surgery [19]. Cordeiro
et al. reported varus angulation in all three patients in their
series who were managed with plate and screws [22].
Various different methods have been used to enhance
the ﬁxation using internal ﬁxation. Zehntner and Ganz used
polymethylmethacrylate to enhance the ﬁxation in oete-
openic bone, achieving union in all six patients in
their series [23]. Tani et al. reported a case in which they
used intramedullary ﬁbular autograft to help restore bone
stock and achieve quadri-cortical ﬁxation for screws [24].
However this technique has not been widely used because
of graft donor-site morbidity, particularly in elderly
patients. Wang and Wang reported satisfactory results
using combination of medial allograft struts and a com-
pression plate for fractures above a total knee replacement
with severe osteopenia or loss of bone stock and failure of
initial open reduction and internal ﬁxation [25]. Kumar
et al. reported using intramedullary ﬁbular strut allograft
in three patients who had very low and comminuted
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123periprosthetic fractures of the distal femur, with good
results (Figs. 1, 2). They believe that intramedullary allo-
graft offers both mechanical and biological advantage and
enhances implant ﬁxation [26].
Locking plates
New locking plates offer advantages over conventional
plates for the treatment of periprosthetic fracture associated
with total knee arthroplasty. These devices provide stable
ﬁxation in osteopenic bone, are adaptable to different types
of fracture and prosthesis and can be inserted using a
minimally invasive approach. These plates are particularly
useful in presence of an implant in proximal femur as it
allows unicortical screw ﬁxation overlapping the distal part
of the proximal implant, thus avoiding a stress riser
between the two implants. Biomechanical studies using
paired cadaver femurs have demonstrated that ﬁxation with
locked plates is superior to that with plates with non-locked
screws including blade plate and dynamic condylar screw
[27, 28]. Clinical studies have also reported good results
using locking plates for the treatment of periprosthetic
supracondylar femur fractures [29–32]. Kregor et al.
reported 100% union rate in 13 periprosthetic fractures
using locking plate; only one patient needed bone grafting
[29]. Althausen et al. reported better results using less
invasive stabilization system (LISS) plate in terms of
maintenance of alignment and early return to preoperative
functional status as compared with three other devices [30].
Raab and Davis reported their results of using locking plate
in 11 fractures, which included 2 nonunions. Eight frac-
tures were supplemented with non-structural allograft. All
patients were advised limited weightbearing, and seven
patients needed a brace postoperatively. They achieved
union in all nine acute fractures and in one case of non-
union with satisfactory alignment [31]. Ricci et al. reported
their results of treating 22 periprosthetic fractures by
indirect reduction methods without bone graft using a
locking plate. Nineteen of 22 fractures (86%) healed after
the index procedure. All three patients who failed to heal
were insulin-dependent diabetes mellitus patients. Two of
these patients developed infected nonunion. Authors con-
cluded that ﬁxation of periprosthetic supracondylar femur
fractures with a locking plate provided satisfactory results
in nondiabetic patients [32].
Intramedullary ﬁxation
Flexible intramedullary rods have been used to treat peri-
prosthetic fractures around the knee. Ritter et al. reported
their results in 22 patients, achieving union in all cases
without any major complications. The average postopera-
tive alignment was 10, with two fractures healing in 15 of
valgus malalignment [33]. These ﬂexible rods provide very
little rotational and axial stability, and with the advent of
rigid retrograde nails these rods are rarely used. The
available literature suggests that supracondylar nailing is a
simple, safe and minimally invasive procedure. Many
Fig. 1 Radiographs of the knee
joint, showing a very low
periprosthetic fracture of the
distal femur
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123studies have now shown high success rate with the use of
supracondylar nail in the management of periprosthetic
fractures of the distal femur [11, 34–40]. A cadaveric study
has reported greater fracture stability with the use of a
retrograde nail as compared with less invasive stabilization
system in simulated periprosthetic fractures [41]. This
technique uses the previous incision, and no soft tissue
dissection is required at the fracture site. It allows early
mobilisation and range-of-motion exercises of the knee
joint and maintains the overall alignment at the fracture
site. A recent systematic review of 415 cases of peripros-
thetic fracture above knee arthroplasty reported that ret-
rograde nailing is associated with relative risk reduction of
87% for developing a nonunion and 70% for requiring
revision surgery compared with traditional (non-locking)
plating methods [1]. However, this technique also has some
limitations. It is not possible to use a supracondylar nail in
a very distal fracture, as it may not provide any ﬁxation to
the distal screws. A supracondylar nail should not be used
in presence of a pre-existing total hip replacement, as it can
create a stress riser below the femoral stem leading to a
fracture between the two implants. Although most of the
modern knee prostheses would allow insertion of a supra-
condylar nail, it is important to determine the type of the
knee implant before surgery.
External ﬁxator
This mode of treatment is not commonly used for treatment
of these fractures, although there are some isolated reports
in literature [42–44]. Biswas et al. reported treating peri-
prosthetic fractures around the long-stem femoral compo-
nent of Stanmore total knee replacement. In four of the ﬁve
patients previous treatment had failed: skeletal traction in
one and internal ﬁxation in other four patients. They
reported union in all ﬁve patients between 12 and 16 weeks
in a good alignment without any major complications [42].
There are some case reports describing the use of Ilizarov
external ﬁxator in patients who were not deemed suitable
for conventional treatment for supracondylar periprosthetic
fractures. Both patients in these reports achieved solid
union with good functional recovery [43, 44].
Revision total knee arthroplasty
This technique is used for an extremely distal and com-
minuted fracture where secure ﬁxation cannot be achieved,
or if the fracture is associated with a loose and unstable
implant. The long-stemmed prosthesis provides stable ﬁx-
ation and allows patients to start early movements and
weightbearing [22, 45, 46]. Cordeiro et al. reported their
Fig. 2 Radiographs of the knee
joint 6 months after internal
ﬁxation using an intramedullary
ﬁbular allograft and a plate
showing fracture union and
restoration of bone stock
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123experience of treating periprosthetic fractures of the distal
femur in ten patients. Two patients were treated nonoper-
atively, three were treated with internal ﬁxation using plate
and screws and ﬁve were treated by revision arthroplasty.
Authors reported best results in revision group based on
walking ability, range of motion and early rehabilitation
[22]. Chen et al., in a review of 12 published reports
including 195 patients, noted successful results in 10 out of
11 cases who were treated with revision arthroplasty as
initial treatment method [45]. Srinivasan et al. reported
results of using long-stem revision knee prosthesis in six
periprosthetic and two complex distal femoral fractures.
There were no intraoperative complications. All peripros-
thetic fractures healed at a mean time of 3.8 months.
Postoperative complication included one case of posterior
dislocation and one superﬁcial infection. There was mean
loss of extension of 7.7, and the mean ﬂexion achieved
was 66 (15–85). Authors emphasized the importance of
achieving stability and early mobilisation in this difﬁcult
group of patients after revision arthroplasty [46].
Prosthetic replacement of the distal femur
and structural allograft
The most difﬁcult cases involve a loose prosthesis coupled
with deﬁcient metaphyseal bone stock rendering a basic
revision procedure impossible. Such cases require excision
of distal fracture fragment and replacement with either a
distal femoral replacement prosthesis or a structural allo-
graft. These treatment methods may also be required for
nonunion following previously failed attempt at osteosyn-
thesis. Distal femoral replacement implants should be
considered as a limb-salvage option when other surgical
options are not feasible. With modern hinged knee pros-
thesis there is increased freedom of rotation, which
decreases prosthesis–bone stresses but still it does not
match the function and longevity of the condylar compo-
nents and therefore should be used only in low-demand
patients [47]. Madsen et al. reported satisfactory results in
four patients after revision total knee arthroplasty using a
custom-made prosthesis at follow-up of 1–6 years with no
major complications [48]. Springer et al. reported results of
using modular rotating hinge knee prosthesis in 26 knees.
This group included 11 cases of nonunion and 1 case of
acute periprosthetic femur fractures. They reported an
overall 31% incidence of different complications, including
ﬁve cases of deep infection. However, there was signiﬁcant
improvement in overall range of motion, Knee Society
scores and functional scores [49].
The use of a stemmed constrained revision component
with structural distal femoral allograft composite has been
described as an effective means of providing both implant
and fracture stability [50–53]. This technique involves
subperiosteal excision of involved distal femur with
retention of soft tissue sleeve containing collateral liga-
ments and reconstruction with a structural allograft and a
stemmed semiconstrained total knee prosthesis. Recon-
struction of the distal femur with such a composite allows
reattachment of host tissue, including the collateral liga-
ments, which provides additional stability to the knee
postoperatively, thus circumventing the use of a hinged
prosthesis. Kraay et al. published their results of using
allograft–prosthesis composite in seven patients. They
reported one case of dislocation and one popliteal artery
injury, and two cases had persistent instability and required
bracing. However, all components were well ﬁxed at an
average follow-up of 44 months [51]. Kassab et al. repor-
ted their experience of using distal allograft in peripros-
thetic fractures of the distal femur with poor bone stock in
12 patients. They achieved good interface union with no
Table 1 Summary of
management of periprosthetic
fracture of the femur
Fracture
type
Description of fracture Treatment recommendation
I Undisplaced fracture and well-ﬁxed
prostheses
Bracing, nonweightbearing
II Displaced fracture and well-ﬁxed prostheses
A. Good-quality bone Internal ﬁxation using conventional plate,
intramedullary nail or locking plate
B. Poor-quality bone with osteopenia
and comminution
1. Decent-size distal fragment Intramedullary nail or locking plate
2. Extremely distal fracture Locking plate or buttress plate with strut
allograft
III Displaced fracture, loose prostheses
A. No metaphyseal bone loss Revision knee arthroplasty using a long-
stemmed femoral implant
B. Metaphyseal bone loss or nonunion
following previous surgery
Structural allograft–prostheses composite or
distal femoral replacement prosthesis
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123migration and loosening in nine out of ten patients avail-
able for review at a mean follow-up of 6 years [52]. More
recently, Backstein et al. reported results of using 68
structural allograft around the knee for different indication
including 17 periprosthetic femoral fractures. They did not
separately report the results in periprosthetic fracture
patient group, but overall they had only one nonunion, two
cases of fractures through allograft and four cases of deep
infection. Overall, 14.8% required revision at an average
follow-up of 5.4 years [53].
In conclusion, management of periprosthetic fractures of
the femur above total knee arthroplasty depends on dis-
placement at the fracture site, bone quality, size of distal
fragment and condition of implants. If the fracture is dis-
placed and implants are well ﬁxed, attempts are made to ﬁx
the fracture, whereas if implants are loose, consideration
should be given to revision surgery. Management of peri-
prosthetic fractures of the femur above total knee arthro-
plasties is summarized in Table 1.
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